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(54) Two-phase unipolar drive type bnishless do motor 



(57) A twD-pfiase unipolar drive type brushless DC 
motor has an armature (8) irtcluding a stator yoke (5) 
with salient poles (5a) around wtiich coils (7) are wound, 
and a rotor (9) having a retainer (13) with a rotor magnet 
(4) which faces the armature (8) at a predetermined 
smaU interval defined between the rotor magnet (4) and 
the armature (Q. The retair^ (13) is made of a poly- 
meric material containing magnetic powder and formed 
integral with a rotor magnet (4). The rotor magnet (4) is 



made of a highly efficient magnetic material or a rare 
earth magnetic material and consists of segment type 
permanent magnet pieces (14) which are arranged dr- 
cumferentially in the retainer (13). The motor is manu- 
' factured at a low cost and provides a stat>ie magnetic 
wave form wNch can be used as a spindle motor in var* 
ious kinds of memory apparatuses. 
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Description 

The present invention relates to a DC motor and 
niore particularly to a two-phase unipolar drive type 
brushless DC motor used as the spindle motor of an 
external memory apparatus such as an FDD (floppy 
disc drive), an HDD (hard disc drive), a CD-ROM or the 
like. 

The rotational speed of an external memory appa- 
ratus such as an FDD. an HDD, a CD-ROM or the like 
must be controlled with high accuracy. For this reason, 
a three-phase brushless motor, which is rotated with 
higher accuracy than other conventional motors, lias 
l>een used as the spirxile motor for driving the external 
memory apparatus. However, a hiQ^ cost of this brush- 
less motor has not come to meet the recent requirennent 
that the spindle motor be inexpendve. 

On the other hand, a two-phase unipolar drive type 
t>rushless DC nrxytor can be manufactured at low cost 
because of its simple circuit structure. However, since a 
conventional motor of this type uses a cylirxlrical mag- 
net as a field permanent magnet a clearance is pro- 
duced between the magnet and a magnetizing ftg. and 
thus variation of a magnetic wave form inevitably 
occurs. TTvs rissutts in production of large torque ripple, 
making it difficult to maintain the required constant start- 
ing torque. If a magnet made of rare earth material or 
the Gke with a high eff'K:iency is used as the cylindrical 
magnet serving as a f iekJ permanent magnet, the start- 
ing torque can t>e maintained at the required value. 
However, the use of the highly efficient magnet elevates 
the cost of the motor. Further, the aforementtoned cylin- 
drical shape of the magnet lowers the stat>ilrty of the 
magnetic wave form. Thus, the conventional two-phase 
unipolar drive type brushless DC motor cannot be used 
as the spindle rnotor. 

The object of the present invention is to provide an 
inexpensive two-phase unipolar drive type brushless 
DC motor which can be used as a spindle motor in a 
various kinds of memory apparatuses. 

In order to achieve the atxsve object a two-phase 
unipolar drive type l>rushless DC motor comprises an 
armature arxj a rotor, the armature including a stator 
yoke vinth salient poles arx) coils wound around the sali- 
ent poles, the rotor including a field permanent magnet 
which faces the armature with a predetermined small 
interval between the field permanent magnet arKl the 
armature. The rotor further includes a retainer which is 
coaxial with the armature arxf which is formed of a pol- 
ymeric material containing magnetic powder. The field 
permanent magnet is made of a highly efficient mag- 
netic material or a rare earth magnetic materia! and 
comprises segment type magnets wtiich are cmranged 
at intervals circumferentially of the retainer. 

The two-phase uiiipolar drive type brushless DC 
motors disclosed In United States Patent No. 3.299.335 
and Published Unexamined Japanese Patent Applica- 
tion No. 1-318536, are provided on the armatures with 
salient poles, and the field magnet is provided with a 



non-magnetic portion or a groove, thus enat^ling a mag- 
netic wave form to be changed from a sine wave form to 
a suitable non-sinusoidal wave form, in order to stabilize 
the starting of the motors at the portions other than 

5 dead centers of torque. As a residt of researches, the 
inventors of the present invention succeeded In devel- 
oping a twoishase unipolar driving type Ixushless DC 
motor which generates a non-sinusoidal wave form 
achieving the same effed as that attained by the motors 

Yo disclosed in the above-merrtioned prior art documents, 
by forming the field permanent magnet into segment 
type magnets made of a rare earth magnetic material 
and arranging them circumferentially at intervals in the 
retainer. 

75 Insertion windows in which the field segment type 
magnet pieces are inserted are formed in the retainer. 
Each window has a rectangular shape so that the mag- 
net is set accurately not only in the predetermined cir- 
cumferential position but also in a predetermined 

20 vertical direction with respect to the armature Moreo- 
ver, a gap between the armature and each of those 
faces of insertion virindows which lace the armature is 
made larger than an interval between the armature and 
each of the segment type magnets, thereby allowing the 

25 magnetic wave form and the gap to t>e.controlled with 
ease. 

Further, since an FG magnet (frequency generator 
magnet) for controlling' the motor, an index magnet and 
an excitation witching magnet are arranged on an end 

30 face of the retainer, they are integrally formed with the 
retainer t)y using a plastic magnetic material as the 
material of the retainer, thus reducing the nunt>er of . 
parts of ^e rotor. 

In this arrangement the fiekJmagnet is made from 

35 a minimum amount of material and is provided in a sta- 
, ble position, in which the. motor is driven the most effi- 
ciently. Further, the motor is manulactured at a low cost 
because the FG magnet, the index magnet and the exci- 
tation switching magnet are formed integral with the 

40 retainer. 

Furthermore, positioning k)os5es are provided on 
the outer periphery of the retainer, and a plurality of cut- 
aways for positioning the retainer are formed in the rotor 
yoke which is to t>e positioned so as to face the retainer. 

45 The index magnet can be accurately, stably and easily 
provided on the rotor yoke by engaging the positioning 
tx)6ses with tiieir corresponding cutaways. 

In consequence, the present invention provides an 
ine3q3ensive and highly accurate two-phase unipolar 

so drive type brushless DC motor which can be used in 
various kinds of memory apparatuses. 

Rg. 1 is an axial longitudinal cross-sectional view of 
the present emtxxtiment; 
55 Fig. 2 is a partially broken enlarged exploded per- 
spective view of the rotor magnet according to the 
motor of Fig. 1 ; 

Fig. 3 is an enlarged exploded perspective view of 
the retainer according to the motor of Fig. 1 ; and 
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Fig. 4 is a cross-sectional view taken along fine A - 
A' shown in Rg. 2. 

The present tmention will be described with refer- 
ence to the acxx>fnpanying drawings by way of an 5 
embodiment of a two-phase unipolar drive type brush- 
less DC (direct current) motor used as a spindle motor 
for driving an FDD (floppy disk drive). 
As shown In Fig. 1, a two-phase un'^lar drive type 
brushless DC motor 25 (hereinafter sinply referred to io 
as the "spindle motor 25") has a rotary shaft 1 and a 
rotor yoke 2. The rotor yoke 2 is formed into a dish 
shape by pressing a soft iron plate made of a ferromag- 
netic material. In its center is formed a hole 2a in which 
a hub base 3 is securely fitted. In the hub 3 is fomied a is 
center hole 3a m wtiich ^e rotary shaft 1 fe press-fitted. 
When ttie spindle motor 25 is incorporated in an FDD 
(floppy disk drive), the htb of a floppy disk (not shown) 
mounted on the upper surface of the hiA> t>ase 3 
engages a driving pin 20 provided on the rotor yoke 2. 20 
thus enakriing the floppy disk to rotate as the rotor yoke 
2 rotates. 

A rotor magnet 4 Is kx>nded to the inner surface of 
an outer circumferential portion of the rotor yoke 2. An 
armature 8 laces the rotor magnet 4 with a gap therebe- 2S 
tween. The armature 8 corrprises a stator yoke 5. an 
insulating layer 6 formed on the staler yoke 5. salient 
poles 5a circumferentially arranged on the stator yoke 5 
and extencfing outward from the stator ycte 5, and coils 
7 formed by wincfing copper wires covered vwth poly- 30 
urethane or the like material around the salient poles 
5a- Provided on the center of the armature B is a bear- 
ing 10 wNch receives the rotary shaft 1 also sennng as 
the center shaft of a rotor 9. The armature 8 and the 
bearing 10 are set in the predetermined positions by 35 
means of a pin 26 with respect to the substrate 11 of a 
motor driving device, and they are fwed to the substrate 
11 hy means of a set screw 27. The rotary shaft 1. the 
rotor yoke 2. the hUb base 3 and the rotor magnet 4 are 
constituents of the rotor 9. ^ 

Fig. 2 is a partially broken enlarged exploded per- 
spective view of the rotor magnet 4 according to the 
motor of Fig. 1. A retainer 13. wfiich is made of a poly- 
meric material (a plastic magnet material) containing 
magnetic powder or particles, has an FG magnet (fre- 4S 
quency generator magnet), an index magnet 18 and an 
exdtatton switching nragnet 19 which are formed inte- 
grally. The rotor magnet 4 comprises the retainer 13 and 
eight segment type magnet pieces 14 which corstitute a 
fiekJ permanent magnet and are embedded in the so 
retainer 4 so as to be arranged circumferentially thereof 
at intervals. As shown in Fig. 1, tfie rotor magnet 4 is 
bonded to the rotor yoke 2. The segment type magnet 
jsieces 14 are made of a rare earth magnetic materia}. In 
this embocfiment, the FG magnet 12 is formed outside ss 
the index magnet 18. However, the Index magnet 18 can 
t>e formed outside the FG magnet 

When a rcu'e earth magnet material is used as'a cfif- 
ficult to perform magnetization because a rare earth 



material produces a strong coercive force which is one 
of its characteristics. Further, the motor has a plurality of 
poles to be magnetized, this makes it more difficult to 
perform magnetization of all poles. In the present inverv 
tion. however, the rotor magnet 4 is provided with the 
retainer 13, and a plurality of divided magnet pieces 1 4 
constituting the field permanent magnet 4 are arranged 
drcumferentially at inten/als In the retainer 13. This 
arrangement minimizes the amount of rare earth mag- 
netic material to be used. In addition, the magnetization 
Is performed in a divided manner, thereby remarkably 
improving the magnetization process and simplifying 
the structure of magnetization jigs in order to improve 
the durability of the figs. 

As shown in Fig. 2. the retainer 13 has pairs of 
uppier and lower ribs 15, each pair of whoch define a 
square or rectangular insoiion window 28. The seg- 
ment type magnet pieces 14 are inserted in the respec- 
tive insertion windows 28 arxJ fixed thereto, and the 
upper and lower surfaces of the magnet pieces 1 4 are in 
contact with the upper and lower nl3s 1 5 in such a man- 
ner that the center of the rotor magnet 4 measured ver- 
tically coinddes with the center of the armature 8 
measured vertically. In this way. the magnetic connec- 
tion between the rotor magnet 4 and the arrrature 8 fac- 
ing it is In the best condifioa 

As shown in Fig. 3 which is an exploded perspec- 
tive view of the rotor magnet 4. stepped positiordng 
liosses 21 are formed on each segment type magnet 
piece 14. Further, stepped positioning bosses 22 wtiich 
are stuped entirely complemerrtary to the stepped posi- 
tioning bosses 21 are formed on each insertion window 
28 of the retainer 13 so that tfie segment type magnet 
pieces 14 can be positioned radially accurately arxj ttius 
the nmgnetization wave forrh can be stabifized with a 
hi^ accuracy. The positioning bosses are rurt iimnted to 
the stepped ones di this embodiment, arxl may k>e 
formed into a tapered shape or another shape as long 
as they fit well nrutually 

In this way. the positioning accuracy and magnetiz- 
ing accuracy of the segment type magnet pieces 1 4 are 
ertfianced. with the result tiiat the magnetic wave form is 
stabifized. This makes the characteristics of the motor 
stabla 

As shown in Fig. 2, bosses 16 which are triangidar 
in cross section, for example, are provided on those 
outer peripheral portions of the retainer 13 w^hich are 
between adjacent segment type magnet pieces 14. 
Moreover, a plurality of cutaways 1 7 are formed on the 
portions of the rotor yoke 2 wtiich conespond to the por- 
tions of the rotor yoke 2 between the outer periphery of 
the retainer 13 arxJ the FG magnet 12 when the rotor 
yoke 2 and the rotor magnet 4 are assembled together. 
The cutaways 17 are spaced circumferentially of the 
rotor yoke 2. When the bosses 1 6 of the retainer 1 3 are 
fitted in the corresponding cutaways 17of therotoryote 
2. ttie index magnet 18 s set in the rec|i^ed position 
witii respect to the drivir^ pin 20. 

Since, therefore, the rotor yoke 2 and the retaino^ 
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13 are provided separately from each other, various 
kinds of magnetization for the FG. index and excitation 
switching magnets can be provided in the retainer 13 
before the retainer 13 is inserted in the rotor yoke 2, 
thereby improving the efficiency of the magnetization. 5 

Since the bosses 16 provided on the retainer 13 are 
not magnetized, magnetic leakage from the rotor 9 is 
prevented, and there can be reduced an adverse effect 
which is produced from leakage fluxes acting on the 
rotor 9 arx) the reduction of which is particularly inpor- 10 
tant to magnetic memory apparatus. 

Since the index magnet 18. the FG magnet 12 arwJ 
the excitation switching detecting magnet 19 wNch con- 
stitute the rotor magnet 4 are all made of the same pol- 
ymeric material, the rotor magnet 4 is insert-mpteled is 
together with the segment type magnet pieces 14. TWs 
integral rotor magnet 4 can be handled easily and can 
be operated efficiently. Furtfier. the efficiency of the 
assembly of the rotor magnet can be improved. 

Fig. 4 shows the relationship of the radial arrange- 20 
ment between the segment type magnet pieces 14, the 
retainer 13 and the stator yoke 5. A gap G between the 
stator yoke 5 and the retainer 13 is about 0.1mm to 

0. 5mm wider than an interval S between the stator yoke 

5 and the segment type magnet pieces 14. This 2s 
arrangement can make the tolerance of the diameter of 
the retainer 13 large This means that the tolerances of 
the dimensions of the parts of the retainer 13 can be 
made large 

The embodiment In which a motor according to the 30 
present invention is applied to an FDD has tieen 
descrit>ed. However, the motor of the present invention 
can be used as the spindle motor of another external 
memory apparatus such as an HDD. a CD-ROM or the 
like. Moreover, the material of the segment type ntagnet ss 
pieces is not lintited to the rare earth magnetic material 
but may be arxsther magnetic material having a high 
performance efficiency 

The present invention provkles an inexpensive two- 
phase unipolar drive type brushless DC nriotor suitable 40 
for use as the spindle motor of an external memory 
apparatus, since the use of segment type magnet 
pieces can mirvmize the amount of an expensive rare 
earth magnetic material to be used and can reduce the 
number of parts of the rotor. Further, the segment type 45 
magnet pieces can be positioned at a high accuracy 
and a stable magnetizing wave form can be obtained, 
whereby the nrxrtor characteristics can be stabilized. 

Claims 50 

1. A two-phase unipolar drive type brushless DC 
motor including: 

(1) an armature (8) comprising 55 

a stator yoke (5), 

salient poles (5a) extending radially out- 
ward from sakJ stator yoke (5), and 



coils (7) wound around said salient poles 
(5a): and 

(2) a rotor (9) having a rotor yoke (2) and pro- 
vided coaxial with said armature (8) at a prede- . 
termined small gap defined between said rotor 
(9) and said armature (8) 

characterized in that 
a retainer (13) is provkied on said rotor (9) and 
disposed coaxial with said armature (8), sakJ 
retainer (13) being made of a polymeric mate- 
rial containing magnetic powder, and segment 
type magnet pieces (14) are arranged at inter- 
vals drcumferentially In said retainer (13). 

2. The motor according to daim 1, characterized in 
that said retainer (13) further conrprises positioning 
meems (28) for placing said segment type magnet 
pieces (14) in predetermined vertical and drcumter- 
ential positions in sad retainer (13). 

3. The motor according to daim 1 or claim 2. charac- 
terized in that there are provided a gap (S) between 
sakJ stator yoke (5) and said retainer (13) and an 
interval (G) between sakf stator yoke (5) and sakj 
segment type magnet pieces (1 4). and said gap (S) 
is made wider than said interval (S). 

4. The motor acoordir^ to any one of the preceding 
dainre, characterized in that said retaine^ (13) is 
insert-nnolded together with sakJ segment type 
magnet pieces (14). 

5. The motor according to any one of the preceding 
daims, characterized in that saki retainer (13) is 
insert-molded together with said rotor yoke (2). 

6. The motor accordng to any one off the preceding 
dainr«. characterized in that said retainer (13) com- 
prises a frequency generator magnet (12). 

7. The motor according to claims 6. characterized in 
that said retainer (13) further comprises an index 

. magnet (18). 

8. The motor according to claims 7, characterized in 
that sakj retainer (13) further comprises an excita- 
tion switching magnet (19). 

9. The motor according to any one off claims 1 to 5. 
characterized in that sakJ retainer (13) comprises 
an index magnet (18). 

ia The motor according to claim 9. characterized ion 
that said retainer (13) further comprises an excita- 
tion switching magnet (19). 

11. The motor according to any one off daims 1 to 5, 
dciracterized in that sakJ retainer (13) conrprises 
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an excitation switching magnet (19). 

12. The motor according to any one of the preceding 
claims, characterized in thai said retainer (13) has 
positioning bosses (22) for positioning said retainer s 
(13) to said rotor yoke (2). and said rotor yoke (2) 
has a plurality of cutaways (17) which engage said 
positioning bosses (22). 

13- The motor structure accorcfing to daim 12. charac- « 
terized in that said posHioning fciosses (22) are not 
magnetized. 
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(57) A two-phase unipolar drive type brushless DC 
motor has an armature (8) including a stator yoke (5) 
with salient poles (5a) around which coils (7) are wound, 
and a rotor (9) having a retainer (1 3) with a rotor magnet 
(4) which faces the armature (8) at a predetermined 
small interval defined Ijelween the rotor magnet (4) and 
the armature (8). The retainer (13) is made of a poly- 
meric material containing magnetic powder and formed 
Integral with a rotor magnet (4). The rotor magnet (4) is 



made of a highly efficient magnetic material or a rare 
earth magnetic material and consists of segment type 
permanent magnet pieces (14) which are arranged cir- 
cumferentiany in the retainer (13). The nxtor manu- 
factured at a low cost and provides a stable magnetic 
wave form which can be used as a spindle motor in var- 
ious kinds of memory apparatuses. 
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